ABSTRACT A total of 1,200 male broiler chicks were used in a 28 D experiment to study how differences in chemical and physical properties of wheat varieties influence their utilization by broilers at different ages. The birds were allocated to 8 dietary treatments in a 2 × 4 factorial treatment arrangement. The factors were two levels of xylanase supplementation (0 or 16,000 BXU/kg) and 4 varieties of wheat (Barrel, Lili, Trinity, and Leeds). Effect of age (7, 14, 21, and 28 D) was included to have 2 × 4 × 4 factorial. Each of the 8 dietary treatments had 10 replicates and 15 birds per replicate. Birds and feed were weighed on days 7, 14, 21, and 28. Excreta were collected from the birds in metabolism cages on days 6 to 7, 13 to 14, 20 to 21, and 27 to 28. On days 7, 14, 21, and 28, 2 representative birds from each pen were euthanized for whole body energy and nutrient accretion, and 1 additional bird per pen was euthanized for measurement of the digestive organs. There was no significant wheat × xylanase × age for any of the response but there was significant (P < 0.05) wheat × age and wheat × enzyme interactions for total and daily weight gain. Nitrogen retention was greater (P < 0.01) but metabolizable (AME) was lower (P < 0.01) in Trinity variety compared with the other wheat varieties. Xylanase supplementation increased (P < 0.05) DM retention and tended to improve (P = 0.089) AME. Net energy for production (NEp) was greater (P < 0.01) for Lili compared with Trinity or Leeds varieties and xylanase increased (P < 0.05) NEp and total and efficiency of energy retained as fat. There was marginal reduction in length of small intestine in broilers receiving xylanase-supplemented diet on day 7 only. It was concluded that the differences in endosperm texture of the wheat varieties tested did not confer stark differences in the response of the broiler chickens to xylanase supplementation and therefore, qualitative assessment of wheat varieties cannot be based solely on differences in endosperm texture of wheats.
INTRODUCTION
Wheat is an important cereal grain for poultry in many parts of the world. In spite of its widespread use, considerable variation in its nutritive value has been reported (Smeets et al., 2016) . One physical property that defines wheat varieties is the hardness of the endosperm, which is caused by interaction of starch with other chemical components, mainly protein and lipids (Barlow et al., 1973; Kim et al., 2004) . Wheat hardness can influence costs of processing, due to greater energy use for milling (Martin et al., 2007) is negatively correlated with starch digestibility (Carré et al., 2002; Ball et al., 2013) but can be useful in whole wheat feeding because of its stimulation of gizzard development (Amerah et al., 2007) . The notion that wheat hardness is deleterious to feeding value of wheat for poultry is not universally accepted (Garnsworthy et al., 2000; Ball et al, 2013) . Amerah et al. (2009) observed that hard wheat benefited more from xylanase supplementation compared with soft wheat in terms of metabolizable energy (AME) and feed conversion thus suggesting that the 2 types of wheat can differ in their response to enzyme supplementation. The possible influence of wheat hardness on nutrient utilization and growth performance in broilers needs to be further investigated.
Maturity in the form and function of the digestive tract as birds age can decrease the deleterious effect of anti-nutrients in feedstuffs, and by extension, reduce the benefit that accrue from enzyme supplementation (Olukosi et al., 2007b) . In view of this, especially for younger birds, feedstuffs with poorer feeding quality will benefit more from enzyme supplementation compared with more nutritionally optimal feedstuffs. Enzyme supplementation may help bridge the gap in nutritional quality of feedstuffs with different chemical 2179 or physical profiles. Therefore, the objective of the current experiment was to study the influence of xylanase supplementation in wheats identified as hard or soft varieties. Specifically, the experiment examined the effect of wheat varieties, xylanase supplementation and age of broiler chickens on growth performance, nutrient utilization, whole body energy use and partitioning, body nutrient accretion, and characteristics of the digestive organs in broilers over a period of 28 D.
MATERIALS AND METHODS
All the animal experiment procedures used in this study were approved by the Scotland's Rural College's Animal Experiment Committee.
Diets and Experimental Design
A total of 1200 Ross 308 male broilers, obtained from a commercial hatchery at 0-day old, were used for the experiment. The chicks were placed in floor pens (1.18 × 1.42 m) with white pine wood shavings and were allocated to 8 dietary treatments in a 2 × 4 factorial treatment arrangement. The factors were 2 levels of xylanase supplementation (0 or 16,000 BXU/kg), 4 wheat varieties (Barrel, Lili, Trinity, and Leeds). The age of birds (observations on days 7, 14, 21, and 28) was included in the analysis to yield a 2 × 4 × 4 factorial arrangement. The wheat varieties were obtained from a commercial wheat breeder and ground in a hammer mill prior to inclusion in diet.
The diets were formulated to meet the nutrient requirement and AME recommended level according to Ross 308 guideline (Aviagen, 2014) . All the diets (presented in mash form) contained an equal amount of wheat (586 g/kg). Control diet was supplemented without or with 16,000 BXU/kg of xylanase following supplier recommendations (Econase XT, AB Vista, Marlborough, UK; 160,000 BXU/g). All diets contained phytase, added on top, supplemented at 500 FTU/kg (Quantum Blue, AB Vista, Marlborough, UK; 5000 FTU/g). Titanium dioxide (5 g/kg) was added to all the diets as an indigestible marker. The birds received the experimental diets from day 0 to 28 of age. Each of the 8 treatments had ten replicates and 15 birds per replicate. The chemical composition of the wheat varieties used is presented in Table 1 whereas the ingredient composition of the experimental diets is presented in Table 2 .
Growth Performance Measurement
Birds and feed were weighed on days 7, 14, 21, and 28. Weight gain and feed intake were corrected for mortality and the data used to calculate gain: feed. 
Nutrient Utilization Measurement
On days 5, 11, 18, and 24, three birds from each of the floor pens were transferred to metabolism cages and continued in their respective treatments. Excreta were collected from the birds in metabolism cages on days 6 to 7, 13 to 14, 20 to 21, and 27 to 28 for weeks 1, 2, 3, and 4 excreta collection, respectively. The excreta were subsequently oven dried and later used for chemical analysis as described below.
Net Energy, Whole-body Energy Partitioning, and Nutrients Accretion On days 7, 14, 21, and 28, two representative birds from each of the floor pens were euthanized by intravenous injection of sodium pentobarbital after fasting for 4 h. The whole carcasses were placed individually in plastic bags and stored frozen prior to chemical analysis. The net energy for production (NEp), efficiency of energy retention (K (RE) ), heat production (HP), energy retained as protein (CP RE ), efficiency of energy retention as protein (K RECP ), energy retained as fat (Fat RE ), and efficiency of energy retention as fat (K REFat ) were calculated using the comparative slaughter method as previously outlined (Olukosi et al., 2008a) . Both NEp and HP were expressed per kg dry matter intake, whereas CP RE and Fat RE were expressed per kg body weight. Determination of wholebody protein and fat accretion was calculated as previously described (Olukosi et al., 2008b) . For comparative slaughter, an initial slaughter group comprising 6 broilers at 0-day old were euthanized and chemically analyzed for gross energy, N and fat. The final slaughter groups were birds euthanized on the last day of each of the 4 wk. Frozen whole carcasses were chopped, ground and lyophilized prior to chemical analysis.
Digestive Organs Characteristics
On days 7, 14, 21, and 28, one representative bird (based on pen average body weight) per pen was euthanized and a longitudinal cut was made between the sternum and pelvic girdle to access the abdominal cavity. The entire digestive tract was removed and the gizzard and small intestine were separated. The gizzard was emptied of its content and subsequently weighed. The small intestine was divided into duodenum, jejunum and ileum as previously defined (Olukosi and Dono, 2014) . The length and weight of the small intestinal sections were taken for each bird. All the data were expressed relative to the body weight of the respective bird.
Chemical Analysis
Wheat varieties, diets, excreta, and carcasses were analyzed, as relevant, for DM, N, GE, fat, and titanium dioxide. Excreta were dried in a forced air oven and then ground to pass through 0.5 mm sieve. Dry matter was determined by drying the samples in a drying oven (Uniterm, Russel-Lindsey Engineering Ltd., Birmingham, England, UK) at 105
• C for 24 h (AOAC Method 934.01; AOAC, 2006) . Total N content was determined (Leco FP analyzer Model, Leco Corp., St. Joseph, MI) by the combustion method (Method 968.06; AOAC, 2006) . Gross energy was determined in an isoperibol bomb calorimeter (Model 6200, Parr Instruments, Moline, IL) using benzoic acid as an internal standard. Ether extractable fat was analyzed using Soxhlett apparatus. Titanium dioxide concentration in the samples was determined using the method of Short et al. (1996) . Xylanase and phytase activities were determined using the reference method of analysis recommended by the supplier.
Calculations and Statistical Analysis
Total tract nutrient retention and dietary AME were calculated as previously described (Olukosi et al., 2007b) . Because of the wide difference in weight gain at various ages, daily weight gain was prorated for each week according to this formula:
; where FBW 2 is body weight at the end of the particular week and FBW 1 is the body weight at the start of that week. All the data were analyzed by the MIXED procedure of SAS as appropriate for a randomized complete block design and a 2 × 4 × 4 factorial treatment arrangement. The factors were 4 wheat types, two levels of xylanase supplementation and age. For the factorial analysis, the 3-way interaction and 2-way interactions were investigated first in the analysis. Where the interactions were not significant they were dropped from the model and the data re-analyzed. The main effects or simple effect means are presented in the tables as appropriate. Significance was declared when P ≤ 0.05.
RESULTS
Analyzed xylanase activity was < 2000 BXU/kg in diets not supplemented with xylanase. In spite of the differences in endosperm texture of the four wheat varieties used in the current experiment, Table 2 shows that the wheat varieties were very similar in chemical composition.
There was no significant wheat × xylanase × age nor xylanase × age interaction on growth performance response. Total weight gain and daily weight gain (data not shown) and feed intake increased (P < 0.001) whereas gain: feed decreased (P < 0.01) with age. There were significant (P < 0.05) wheat × age and wheat × enzyme interactions for weight gain and daily weight gain. There was no wheat × xylanase supplementation interaction on growth performance response up to day 14 (Table 3) . On day 7, weight gain of broilers Table 3 . Growth performance of the broiler chickens in response to feeding different wheat varieties in diets with or without xylanase supplementation (weeks 1 and 2). was greater (P < 0.01) for Lili compared with Leeds whereas weight gain for Barrel and Trinity were intermediate. During the same period, xylanase supplementation increased (P < 0.01) weight gain but had no effect on feed intake or gain: feed. On day 14, weight gain was greater (P < 0.01) for broilers chickens receiving Lili variety compared with Barrel or Trinity varieties. During the same period, xylanase supplementation (P < 0.05) increased weight gain and gain: feed but had no effect on feed intake. The growth performance response of the broilers to the experimental diets on days 21 and 28 are shown in Table 4 . On day 21, birds receiving Lili wheat had greater (P < 0.01) weight gain than those receiving Barrel and Trinity varieties whereas birds receiving Lili had greater (P < 0.05) feed intake than those receiving Barrel but not Trinity or Leeds. There was significant wheat × xylanase interaction for feed intake on day 21
shown by xylanase supplementation decreasing feed intake (P < 0.05) in birds receiving Trinity wheat but not in other diets. On day 28, weight gain was greater (P < 0.05) in birds receiving Lili compared with Barrel, and intermediate for those receiving Trinity and Leeds varieties. There was no significant effect of xylanase supplementation on any of the growth performance responses on days 21 and 28.
There were no significant 3-or 2-way interactions for total tract nutrient utilization (Table 5) . Overall, total tract retention of DM and N as well as AME increased (P < 0.01) with age whereas total tract fat retention decreased (P < 0.01) with age. Dry matter retention was greater (P < 0.01) for Trinity compared with Barrel variety. Nitrogen retention was greater (P < 0.01) but AME was lower (P < 0.01) in Trinity variety compared with the other wheat varieties. Xylanase supplementation increased (P < 0.05) total tract DM retention and tended to increase (P = 0.089) AME. There were no xylanase effect on total tract N and fat retention. There were no significant 3-or 2-way interactions for whole body energy utilization and efficiencies of energy retention (Table 6 ). Both NEp and K (RE) were greater (P < 0.05) at day 14 compared to day 7, and then decreased (P < 0.05) from day 14 to 28. Heat production, Fat RE , and K REFat generally decreased (P < 0.01) with age, especially from day 14 onwards. Energy retained as protein increased (P < 0.01) with age up to day 21, and then deceased (P < 0.01) on day 28. Efficiency of energy retention as protein was greater (P < 0.01) on day 28 compared with previous ages. Net energy for production and Fat RE were greater (P < 0.01) for Lili variety compared with Trinity or Leeds varieties. Heat Production was greater whereas K (RE) and K RECP were lower (P < 0.01) for Leeds compared with Trinity variety. Efficiency of Fat RE was greater (P < 0.01) for Lili and Trinity compared with Barrel and Leeds varieties. Xylanase supplementation increased (P < 0.05) NEp, Fat RE and K REFat .
Whole body protein and fat accretion for the various periods are shown in Table 7 . There were no significant 2-or 3-way interactions on the responses. Daily protein accretion increased (P < 0.01) step-wise with age. Daily fat accretion increased (P < 0.01) between day 7 to 14, unchanged between days 14 and 21, and decreased (P < 0.01) on day 28 relative to day 21. There was no wheat effect on daily protein accretion, but daily fat accretion was greater (P < 0.01) in Lili variety compared with the other varieties. Xylanase supplementation increased fat accretion (P = 0.01) but had no effect on daily protein accretion. Table 8 shows the effect of the experimental diets on total and relative length and weight of the digestive organs. There was no significant 3-way interaction, but there was significant age × xylanase interaction (P < 0.01) for gizzard weight and age × wheat interaction (P < 0.05) for gizzard/body weight. The interactions were due to a lack of treatment effect on the responses beyond day 7. All the digestive organ characteristics increased (P < 0.01) with age except small intestine weight/body weight which decreased (P < 0.01) with age. The total small intestine length and total small intestine weight/body weight tended to be greater (P < 0.10) in birds receiving Lili compared with the other varieties. Wheat × xylanase interaction for gizzard/body weight observed on day 7 was due to xylanase supplementation which tended (P < 0.10) to increase gizzard/body weight in birds receiving Lili and Leeds varieties whereas the reverse was observed for Barrel and Trinity. On day 7, the total length of the entire small intestine tended to be lower (P = 0.073) in broilers receiving xylanase-supplemented diet. There were no treatment effects beyond day 7 (data for day 0 to 14 and 0 to 21 are not presented).
DISCUSSION
The objective of the current study was to examine the effect of xylanase supplementation on 4 wheat varieties that differ in their physical characteristics at various ages of broiler chickens. In studies examining nutritive value of feedstuffs, it is common to document the effect of feeding the feedstuff at terminal points of the experiment, e.g., day 21 or 42 (Olukosi et al., 2007a; Amerah et al., 2009; 2010; Gonzalez-Ortiz et al., 2016) . In this approach lies the possibility of missing possibly pertinent observations at various points during the experiment. Consequently, in the current experiment, the effects of the wheat varieties and xylanase supplementation were examined at seven-day intervals during the experiment.
The objective of weekly measurement was to ascertain whether the initial difference in feeding quality of the wheat varieties disappeared over the age of the birds. This is based on the reasoning that feeding of wheat varieties that are different in feeding quality will have more apparent effect in early age of birds, at which period xylanase will be more beneficial, more so in "poor" quality wheat-as has been reported generally for enzyme effects (Scott et al., 1998) . This effect should wane as birds mature leading to less difference in feeding quality of the wheat varieties. The premise for this is that broiler chickens are capable of NEp-net energy for production; HP-heat production; K (RE) -efficiency of energy utilisation for whole body energy accretion; CP RE -energy retained as protein; K RECP -efficiency of energy utilisation for whole body protein accretion; Fat RE -energy retained as fat; K REFat -efficiency of energy utilisation for whole body fat accretion; SEM-standard error of the means. compensatory growth if some factor slows their performance at an early age (Plavnik and Hurwitz, 1985; Leeson and Zubair, 1997 ).
In the current experiment, 4 wheat varieties were tested, 2 of which were characterised by hard endosperm texture and the other two, soft endosperm texture. Wheat varieties with hard endosperm texture are generally regarded as being poorer in feeding quality (Short et al., 2000; Ball et al., 2013) . Although the wheat varieties used in the study were not greatly different in chemical profile, the hard wheat varieties had greater quantity of crude protein, crude fiber, ash, soluble, and insoluble non-starch polysaccharides (NSP). On the other hand, the hard varieties had lower specific weight, total starch, free sugar, arabinoxylan, and phytate P. These differences in chemical and physical characteristics may confer differences in response to enzyme supplementation or utilization by birds (Miller et al., 2001; Smeets et al., 2016) .
Growth Performance
There were differences in the growth performance responses of the broiler chickens to the different wheat varieties throughout the experiment. The best performing wheat variety was a hard wheat variety (Lili), whereas the poorest performing was a soft wheat variety (Barrel). The hardness of wheat endosperm is a result of strong interaction between starch and the protein matrix (Barlow et al., 1973) and has been observed to be dependent, in part, on wheat protein content (Oury et al, 1998) . Whatever the cause, it would appear that hardness of wheat can influence its nutritional value, at least to some extent. Generally, hard wheats are regarded as poorer in feeding quality than soft wheat varieties (Carré et al., 2002) although wheat hardness may be beneficial in enhancing pellet durability (Carré et al., 2005) . Amerah et al. (2009) observed that xylanase supplementation improved feed conversion and AMEn in hard, but not soft, wheat. The enzyme effect on feed conversion was driven by xylanase effect on both weight gain and feed intake. The authors also reported improved gizzard activity in birds receiving the hard wheat, and this may have contributed to positive effect of feeding hard wheat. It has also been shown that feed conversion efficiency is positively correlated to wheat hardness (Pirgozliev et al., 2003 , Carré et al., 2005 possibly resulting from stimulation of feed intake due to coarse particles in the diet (Nir et al., 1995) . However, observations from the current and previous studies (Gonzalez-Ortiz et al., 2016) indicate that differences in chemical composition of wheats, a-d Means in the same column but with different superscripts are significantly different (P < 0.05). n = 80 replicate pens with one bird per pen for main effect of age; 80 replicate pens with 1 bird per pen for main effect of wheat variety; and 160 replicate pens with 1 bird per pen for main effect of xylanase.
SEM-standard error of the means.
especially those associated with digesta viscosity, are more relevant to their feeding value. It appears that the hardness of the endosperm may be less important. The growth response of the birds to xylanase supplementation of the wheat-based diets showed that the birds responded more to the supplementation of the enzymes at early age (days 7 and 14), and that the effect of the enzyme was more nuanced in the last two weeks of the experiment (days 21 and 28). Generally, the extent of response to enzyme supplementation will be dependent on factors such as deficit in nutrient supply from the diet, the age of the birds, level of antinutrients in the feedstuffs, or a combination of any of these and other factors (Bedford, 1997; Olukosi et al., 2007b; Amerah, 2015) . We recently reported that the feed conversion response of broiler chickens was related to the level of NSP in different wheat varieties (Gonzalez-Ortiz et al., 2016) .
It appears that the main driver for the response to enzyme supplementation in the current study was the age of the birds because the effect of xylanase supplementation was not apparent in the last 2 wk of the study. This observation was likely because the wheat varieties were very similar in chemical composition, including their content of potential antinutrients. The positive xylanase effect on weight gain response did not seem to be related to any treatment effect on feed intake and therefore it might have been due to effect of the xylanase on the antinutrients, perhaps by reducing viscosity (not measured in the current study) but as observed in a previous study in our laboratory (Gonzalez-Ortiz et al., 2016) . The possibility of this explanation is based on the general observations that younger birds are more sensitive to effect of digesta viscosity (Salih et al., 1991; Petersen et al., 1999) .
Nutrient Utilization
For the most part, the largest marginally gain in nutrient utilization was between days 7 and 14, with responses in subsequent ages being only marginally greater, except for AME response. This is in line with previous observations of digestive enzymes or digestibility reaching their peak around second week of life (Mahagna and Nir, 1996; Batal and Parson, 2002; Tancharoenrat et al., 2013) . The exception was fat digestibility, which decreased with age in the current study. Tancharoenrat et al (2013) reported an increase of total tract fat retention with age whereas Mahagna and Nir (1996) observed a decrease in digestibility between week 1 and 2 of age for broilers. This decrease n = 20 replicate pens with 1 bird per pen for mean effect of wheat variety, n = 40 replicate pens with 1 bird per pen for main effect of xylanase. TSI-total small intestine weight (g); TSIL-total small intestine length (cm); Gizz/BW-gizzard weight to body weight ratio; SI/BW-small intestine to body weight ratio; SEM-standard error of the means.
in fat digestibility with age was related to faster rate of passage of digesta in older birds (Golian and Polin, 1984) . More crucially, nutrient utilization response to wheat or xylanase supplementation was not dependent on the age of the broiler chickens in the current study.
The diet with Trinity wheat (hard wheat variety) had the greatest total tract retention value for N in the current experiment. The greater N retention observed for Trinity may be related to its hardness although Lili (also hard wheat) had N digestibility and AME profiles similar to the soft wheat varieties used. Péron et al. (2006) have similarly noted that soft wheat varieties tend to have lower lipid and protein digestibility. On the other hand, the diet containing Trinity variety had the lowest AME. Therefore, the 4 wheat varieties used in the current study can be ranked according to N digestibility or AME and the ranking on the 2 premises will run in opposite directions.
It has been observed that wheat AME decreases with wheat hardness (Carré et al., 2005) partly as a result of a reduction in starch digestibility. In the current study, N retention and AME values were those of the diets, rather than the wheat varieties per se. Although variability in wheat has been mainly assessed based on their chemical characteristics, differences in physical characteristics are likely important too. It cannot be ruled out that there are interactions between the chemical profile of the wheat varieties with the other feedstuffs used in feed mixing, but the effect of such interaction on overall nutrient utilization was likely very low.
It is noted that AME content of cereal grains is primarily related to starch digestibility, and not necessarily starch content. Among the several non-starch factors influencing starch digestibility are surface or intra-starch lipids and protein components (Svihus et al., 2005) . In malting barleys, Brennan et al. (1996) observed that poor malting barleys tend to have dense layer of protein matrix surrounding the starch granules. It is possible that presence of such layer may interfere with starch digestibility because the protein would need to be digested first before access to the starch is possible. Consequently, whereas hard wheats tend to have higher N utilization, AME which results mainly from starch digestibility is usually lower and may account for low AME, high N retention scenario. This conclusion is possibly not universal as borne out by our own observation of this being limited to Lili and not Trinity, another hard wheat variety tested in the current experiment.
Xylanase supplementation improved total tract DM retention and marginally improved dietary AME. A positive effect of xylanase supplementation on wheatbased diets has been reported in many studies (Choct et al., 1999; Amerah et al., 2009; Kiarie et al., 2014) and has been attributed to several factors including, most notably, the enzyme reducing digesta viscosity and enhancing accessibility of substrates by digestive enzymes. The response to xylanase supplementation is influenced by many intrinsic wheat and diet factors (Bedford, 1997; Amerah, 2015) . Although there were differences in N and energy utilization among the 4 wheat varieties in the current study, the differences were maintained more or less throughout the experiment. Phytase, which was supplemented to all the diets, may also have reduced variability in the wheat by enhancing their nutritive value, to a larger or smaller extent, depending on the intrinsic quality of the feedstuffs. In addition, although the primary effect of phytase is on phytate P utilization, there are indications that the enzyme also influences energy, nitrogen, and amino acid utilization (Adeola and Cowieson, 2011) .
Net Energy, Whole-body Energy Partitioning and Efficiencies, Nutrient Partitioning, and Digestive Organ Characteristics
Assessment of efficiency of energy utilization using net energy enables a better understanding of the effect of dietary treatments beyond insights that growth and AME responses provide (Pirgozliev and Rose, 1999; Olukosi et al., 2008a) . The lack of wheat × xylanase interaction indicates that in spite of the differences in wheat endosperm texture, the xylanase effect was independent of the wheat variety. The observed wheat effects on NEp are related to efficiency of CP RE and Fat RE . Trinity variety had the highest CP RE , K RECP , and K (RE) , but also the lowest HP, even in weeks when there were only numerical differences. Although this wheat variety is of the hard variety, similar effect was not observed in Lili, also a hard wheat variety. This observation precludes the conclusion that wheat hardness was the only driver of the response observed. Nevertheless, Trinity variety also had highest total tract N retention thus demonstrating that the variety had overall superior effect on nutrient utilization by the broiler chickens.
Xylanase supplementation increased NEp and produced a marginal decrease in HP. Conceptually, the inverse relationship in effect on NEp and HP is expected because HP represents the difference in ME intake and NEp. Others have similarly reported improved NEp following xylanase (Nian et al., 2011a, b,) or phytase (Olukosi et al., 2008a) supplementation to broiler diets. The improvement in NEp in the current study occurred in spite of the observation that the enzyme only marginally improved dietary AME. This lends to the argument that NEp is a more sensitive energy utilization response compared with AME when assessing enzyme effect.
It has been proposed that supplementation of enzymes or other additives may improve NEp by reducing energy costs of metabolism via reduction in cellular turnover, modification of gut microbial flux or reduction in proportional weights of metabolically active organs (Olukosi et al., 2008a; Yang et al., 2008; Nian et al., 2011a ). The aforementioned effects should result in dramatic reduction in HP, thus resulting in greater NEp as a proportion of ME intake. However, in view of only a modest effect of xylanase on HP in the current experiment, it appears that the main driver of the enzyme effect on NEp was its effect on Fat RE . This is because fat deposition translates to greater energy depot compared with equivalent amount protein.
It has been suggested that metabolically active organs such as the digestive organs can consume up to 30% of the fasting HP (Spratt et al., 1990 ). Both wheat inclusion or xylanase supplementation have been reported to influence relative weight and length of the digestive organs Parsaie et al., 2007) . In the current experiment, there was only a marginal reduction in the total length of the small intestine in xylanase-supplemented diet. This was observed only on day 7 and was apparently a transitory effect. Although some have reported reduction in weight and length of small intestine following xylanase supplementation , several others have reported no such effect (Taylor and Jones, 2001; . Consequently, the effect of the wheat varieties and xylanase supplementation on growth performance, nutrient utilization, and whole-body energy utilization was not translated to modifying the characteristics of the digestive tract in the broiler chickens in the current experiment.
In conclusion, the differences in endosperm texture of the wheat varieties tested did not confer stark differences in the response of the broiler chickens to xylanase supplementation at any age during the experiment. Therefore, qualitative assessment of wheat varieties cannot be based solely on differences in endosperm structure of wheat.
